Lesions in the corpus callosum typically represent malignant tumors such as glioblastoma or lymphoma, because of its compact structure comprising tightly packed white-matter tracts. Brain abscess is rarely seen in the corpus callosum. To the best of our knowledge, solitary bacterial abscess confined to the splenium of the corpus callosum has not been reported previously. We report the case of a 72-year-old woman with rapidly progressing disturbance of consciousness following 1 week of antibiotic treatment for bacterial meningitis. Magnetic resonance imaging demonstrated a ring-enhancing round mass located in the splenium of the corpus callosum on gadolinium-enhanced T1-weighted imaging, also showing a bright signal on diffusion-weighted imaging. The patient underwent occipital craniotomy and direct drainage of the lesion in the splenium through the interhemispheric fissure and achieved complete recovery. Brain abscess should be considered among the differential diagnoses for lesions in the splenium of the corpus callosum. An occipital interhemispheric approach to the splenium might be an important option in cases of brain abscess.
Introduction
The corpus callosum consists of densely bundled white-matter tracts connecting the two cerebral hemispheres, forming a compact structure that largely blocks interstitial edema and tumor spread. Accordingly, only aggressive tumors such as glioblastoma multiforme and malignant lymphoma typically cross or involve the corpus callosum. Isolated lesions of the corpus callosum are rare and may represent reversible responses to metabolic or myelination abnormalities, particularly in the splenium [1] - [5] . The corpus callosum is also a very uncommon site of brain abscess. Only a small number of reports have described abscess formation in the corpus callosum, including cases of tuberculoma [6] , toxoplasmosis in a patient infected by human immunodeficiency virus (HIV) [7] , and aspergillosis in immune-compromised patients being treated for malignancy with chemotherapy [8] . To the best of our knowledge, solitary bacterial abscess in the splenium of the corpus callosum without any other pathological condition has not been described previously.
Deep-seated abscess forming at locations such as the brainstem and basal ganglia is often treated with stereotactic aspiration [9] - [11] . When stereotactic surgery is performed for brain abscess, communication between the abscess and cerebrospinal fluid (CSF) spaces should basically be avoided to minimize the risk of disseminating the infective agent. The corpus callosum is located deep in the midline, but is surrounded by CSF spaces including the lateral ventricles, pericallosal cistern, and third ventricle.
We describe herein a case of solitary bacterial abscess in the splenium of the corpus callosum presenting with rapidly progressing disturbance of consciousness following treatment for bacterial meningitis. The patient was successfully treated with occipital craniotomy and direct puncture of the splenium under microscopic guidance to aspirate purulent contents. We also discuss the pathophysiology and surgical treatment strategy.
Case Report
A 72-year-old woman with no significant history, including of systemic infectious disease, developed severe headache and spiking fever. A local hospital diagnosed bacterial meningitis from the results of lumbar puncture, which revealed a cell count of 27,600 cells/mm 3 , protein > 500 mg/dl, and a glucose level of 50 mg/dl in CSF. On the basis of the clinical and laboratory findings, empiric treatment with ceftriaxone, vancomycin, and ampicillin was started. CSF culture showed positive results after incubation at 37 degree Celsius for 2 days. The isolates were subsequently identified as Streptococcus intermedius. The condition of the patient improved, but severe headache and spiking fever recurred 1 week later. Although broad-spectrum antibiotics had been administered, the patient showed a rapid deterioration in level of consciousness, so she was referred to our institution for further treatment 10 days after initiating chemotherapy. On arrival, the patient was restless and confused, showing meningeal irritation signs including nuchal rigidity, photophobia, and severe headache, along with a high fever of 39.2 degree Celsius. Magnetic resonance imaging (MRI) demonstrated a round mass in the splenium of the corpus callosum, showing ring-enhancement on T1-weighted imaging after gadolinium administration and signal hyperintensity surrounding the lesion on T2-weighted imaging suggesting perifocal edema (Figure 1(a) and Figure 1(b) ). Contents of the cystic lesion were depicted as a bright signal on diffusion-weighted imaging (DWI) and as a low-intensity region on apparent diffusion coefficient (ADC) mapping, consistent with brain abscess (Figure 1(c) ). The abscess appeared to show slight perforation leading into the right lateral ventricle from MRI findings, and a risk of rapid deterioration in neurological condition was thus considered present. Emergent surgical intervention was therefore performed on the day of transfer. After the spinal drainage catheter was inserted at the L3/L4 level, the patient was placed in the park bench position with right side down. The head was fixed in the dependent 45 degree oblique position. Right occipital craniotomy extending across the superior sagittal sinus (SSS) was conducted to open the dura mater close to the sagittal sinus. After craniotomy, CSF was released from the lumbar catheter to obtain a sufficient corridor in the interhemispheric fissure. The right occipital lobe was gently retracted while paying special attention to avoid excessive compression by the spatula. After the free margin of the falx cerebri and inferior sagittal sinus (ISS), tentorial incisura, and straight sinus were confirmed, the splenium of the corpus callosum was identified and punctured using a silicone catheter. Although no abnormalities on the surface of the splenium were apparent, viscous, yellowish, purulent material was drained from the inserted catheter. To avoid purulent contents spilling into the subarachnoid space, the silicone catheter for drainage was fixed before closing the surgical wound (Figure 2) . The catheter was left in place until no purulent matter had been not discharged for 3 consecutive days (Figure 3) . Administration of antibiotics continued for 8 weeks, even though her consciousness improved immediately postoperatively. MRI demonstrated complete remission of abscess as of 1 month after surgery (Figure 4(a) and Figure 4(b) ). The patient was discharged in an ambulatory state with no neurological deficits. 
Discussion
The dense, compact nature of the white matter tracts in the corpus callosum, relative to the adjacent hemispheric white matter, make this structure a formidable barrier to both the flow of interstitial edema and tumor spread [12] . Accordingly, only aggressive tumors such as glioblastoma multiforme and lymphoma typically cross or involve the corpus callosum. When the corpus callosum is affected by glioblastoma multiforme, a characteristic bihemispheric involvement is commonly displayed, resulting in the classic butterfly pattern [13] . The corpus callosum is also included as a common location of lymphoma, along with deep gray matter structures and the periventricular region. Lymphoma differs from glioblastoma multiforme in that less peritumoral edema is present, and the lesions are more commonly multiple, less necrotic, highly radiosensitive, and frequently show dramatic temporary response to steroid administration, producing "vanishing lesions" [14] .
In addition to such neoplastic lesions, the corpus callosum can be involved in a variety of pathologies, including demyelinating processes like multiple sclerosis, traumatic hemorrhage associated with the tight nature of the structure and the fixation to the dura, rendering it susceptible to shear stress, and lipoma as a congenital abnormality (mainly occurring in the region of the corpus callosum and pericallosal cistern, accounting for up to 65% of all intracranial lipomas and frequently associated with callosal dysgenesis) [15] .
Infectious conditions seldom primarily involve the corpus callosum unless encephalitis or ependymitis occurs adjacent to and extends into the corpus callosum. Reinarz et al. reported on 11 patients with encephalitis evaluated by MRI and found only one with involvement of the corpus callosum [16] .
Another report described a patient with HIV and toxoplasmosis demonstrating an irregular ring-enhancing lesion in the corpus callosum mimicking glioma with butterfly signs [7] . Immunocompromised patients are also at increased risk of fungal infection involving the CNS. Amongst the fungal pathogens, Candida and Aspergillus are the main organisms causing cerebral abscess. The respiratory system is the primary site for infection via inhalation of spores. The corpus callosum is reported to be included as a common site of Aspergillus infection along with the basal ganglia, thalami, brainstem, and gray-white matter junction [17] .
In our patient, solitary abscess formation was confined in the splenium, even though ventriculitis due to perforation of the abscess was observed. In many cases of infection involving the corpus callosum reported previously, the lesion of the splenium was only one of multiple lesions or disseminations, or part of the invasive front. In our patient, the abscess was confined in the corpus callosum and not one of multiple foci. This type of abscess formation does not appear to have been described before.
Anatomically, the splenium is the posterior end of the corpus callosum, representing the thickest part, overlapping the tela chorioidea of the third ventricle and the mid-brain. In addition, bilateral posterior bodies of the lateral ventricles are close to the splenium.
Transient signal changes in the splenium have recently been reported in a wide variety of conditions, including seizures, antiepileptic drug toxicity or withdrawal [2] [3], sympathomimetic-induced kaleidoscopic visual illusions [18] , hypoglycemia, hypernatremia, osmotic myelinolysis, Wernicke encephalopathy [4] , and hemolytic uremic syndrome [19] . Lesions are well-circumscribed and located in the central splenium, with T2-weighted and fluid-attenuated inversion recovery hyperintense and T1-weighted hypointense signals. DWI demonstrated signal hyperintensity in the splenium with a low signal on ADC mapping. In the acute phase, contrast enhancement and reduced diffusivity may be seen. After disease recovery or withdrawal of the offending agent, imaging abnormalities resolve over several weeks to months [20] [21] . These lesions in the splenium have also been documented to be caused by various infective agents, such as influenza [22] , rotavirus [23] [24], mumps, Escherichia coli, and adenovirus [25] . The changes become apparent on MRI from as early as the second day after symptom onset and CSF findings are usually normal or nonspecific. The pathophysiology is poorly understood, but is thought to reflect reversible demyelination and intracellular edema secondary to infectious, inflammatory, or metabolic disturbances [21] [26] [27] .
Our hypothesis to explain why the lesion in this patient was confined to the splenium is as follows. In this patient, meningitis had been treated with antibiotics for 10 days before detection of the splenial abscess. If some reversible changes such as demyelination or intracellular edema due to antecedent bacterial meningitis had occurred in this patient, the central part of the splenium contiguous with CSF might have been more susceptible to infective agents than usual. The splenium might thus have become a focus of bacterial infection.
In the future, with the evolution of antibiotic-resistant bacteria, diversification of disease, and the prevalence of MRI, formation of splenial abscesses as in this case may be encountered more often.
Deep-seated abscesses are often treated with stereotactic aspiration [9] - [11] . However, stereotactic aspiration of the abscess may be unsuccessful if the abscess is multiloculated or if the pus is very thick. Such methods can also induce hemorrhage from the abscess capsule during penetration. Occasionally, excessive suction can result in additional bleeding from surrounding parenchyma, because assessment of complete evacuation is very difficult.
In addition, the corpus callosum is located in the midline and surrounded by subarachnoid cisterns and ventricles. If the suspected infectious lesion located in the splenium had been treated by stereotactic aspiration, a linear trajectory to the lesion that avoided communication of the abscess with ventricles or subarachnoid spaces would be difficult.
Moreover, even though modern diagnostic imaging techniques have started to reveal not only the anatomy of cerebral lesions, but also their molecular basis, differentiation of abscess from other lesions is not always possible. In such cases where different pathologies may require different surgical strategies, several other factors may contribute to treatment decision-making.
The occipital interhemispheric fissure has fewer bridging veins connecting the SSS than the parietal area. Anatomically important structures including the midbrain, internal cerebral veins, and veins of Rosenthal are able to be identified and avoided using the occipital interhemispheric fissure. Of course, attention must be paid to visual field defects caused by extravagant compression with the spatula on the medial surface of the occipital lobe. In addition to gentle manipulation of the occipital lobe, preservation of intact veins including cortical bridging veins and the internal occipital vein is crucial to avoiding postoperative brain edema and delayed hemorrhage. Compared with the prone position, the park bench position has proven effective in preventing excessive elevations in intrathoracic pressure causing the congestion of venous drainage from the head. With appropriate CSF release from either spinal or ventricular drainage, an occipital interhemispheric approach for splenial lesions might be more reasonable, even for abscesses.
Conclusion
This is the first report of a patient with bacterial abscess formation confined to the splenium of the corpus callosum. Treatment involved direct drainage via an occipital interhemispheric approach. Although extremely rare, brain abscess should be considered as a differential diagnosis for lesions in the splenium of the corpus callosum. Neuroradiologically, brain abscess in the splenium mimics the reversible transient focal change of the splenium occurring in association with mild encephalitis and metabolic disturbance. T2-weighted imaging and DWI demonstrate signal hyperintensity in both lesions. T1-weighted imaging after gadolinium administration may be useful to distinguish these pathologies, with enhancement of the capsule observed only in cases of abscess. An occipital interhemispheric approach to the splenium might be an important option even in cases of brain abscess, in place of stereotactic aspiration.
